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Table 1 Kinetic parameters for ATP

The zulophosphorylation reaction was performed using the indiceied enzyme and gefitinit (0.5-5 nivl). The steady-state kinetic paramelers for ATP were determined from the Eadie-Holsles plat in

Figure 5. Resulls are maans 4 S.D. for three indepandent dupticale experiments.
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Figure 4 Mechanism of inhibition of delefion mutani EGFR by gefitinib

Aulephesahorylation ¢f unstimulaled deletion mutant {A), unstimulated wild-type (B), EGF-stimulated deletion mutanl (C) and EGF-stimutated wild-type () EGFR was measured with or withou!
gelilinib at concentralions of 0 (O), 0.5 {@), 1 {A) and 5 () nM. Reciprocal valocily against reciprocal ATP concentrations (0.5-32 1:M) were plotted. Dala are representative of al least three

independent experiments.

low level of EGF-independent basal phosphorylation, whereas
antophosphorylation using EGF-stimulated EGFR represents
EGF-induced phosphorylation.

Kinetic parameters of autophosphorylation

The deletion mutant EGFR is constitutively phosphorylated under
unstimulated conditions. Measuring the autophosphorylation
activity of deletion mutant EGFR requires unphosphorylated
tyrosine residues of EGFR. An autophosphorylation assay was
reconstrucied to determine the kinetic parameters of deletion
mutant EGFR. The method is summarized in Figure 2. The con-
centrations of gefitinib used (2 M) completely inhibited phos-
phorylation of both the deletion mutarit and wild-type EGFR, as
demonstraied by immunoblot analysis (Figure 1C). We performed
antophosphorylation assays with various amounts of EGFR (re-
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sults not shown). In our autophosphorylation assay, a constant
amount of EGFR (130 ng/well) was adopted to measure its auto-
phosphorylation, because this amount of EGFR was found to
be appropriate for detecting changes in the absorbance of both
wild-type and deletion mutant EGFR. The autophosphorylation
of deletion mutant EGFR and wild-type EGFR was analysed by
comparison with unstimulated and EGF-stimulated EGFR (Fig-
ure 3)., The higher phosphorylation of deletion mutant EGFR
shown in Figure 1{A) was lowered by using gefitinib-treated
lysates, while the autophosphorylation reaction was initiated by
addition of ATP. The ATP-dependent autophosphorylation re-
actions of deletion mutant EGFR and wild-type EGFR in crude
cellular extracts were monitored (Figure 3, insets). The data
were transformed into an Eadie—Hofstee plot, and the kinetic
parameters were determined as apparent K, and V., values
for ATP (Figure 3 and Table 1). Under unstimulated conditions,
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Figure &

[nhihition constant of gefitinib for autophosphorylation activity of deletion mutant EGFR

The same datasel as shown in Figure 4 was filied to an Eacie-Holstea plot, and kinetic parameters from Inis fit are summarizad in Table 1. Shown are the results for the unstimulaled (A) and
EGF-stimulaled (C) deletion mutart EGFR and unslimulated (B) and EGF-stimulated (D) wilt-lype EGFR in respense to ATP wilh or withou! gefilinid at concentrations of 0 {Q), 0.5 (@), 1 (A)

and 5 {A) nM. Resulls are representative ol &t least thrag independent experiments.

differences in activities were seen between unstimulated wild-type
(£, for ATP =4.01+ 0.3 M) and deletion mutant EGFR (X, for
ATP=2.5+0.2 uM). Under EGF-stimulated conditions, there
was no difference in K., values between EGF-stimulated wild-type
EGFR (K, for ATP=1.94+0.1 M) and deletion mutant EGFR
(K for ATP=2240.2 pM). The V, values of wild-type
EGFR and deletion mutant EGFR were equal under both
conditions., These results suggest that the wild-type EGFR is
conformationally activated by EGF stimulation, and that the
mutant EGFR is active without ligand stimulation.

Gefilinib inhibits auiophosphorylation of deletion mutant EGFR

We examined the inhibitory effect of gefitinib (0.5, 1 and 5 nM)
on the autophosphorylation of deletion mutant EGFR in com-
parison with wild-type EGFR under unstimvlated and EGF-
sumulated conditions. The data were transformed into a
Lineweaver-Burk plot for estimation of the mode of inhibition
(Figure 4). Lineweaver—Burk plot analysis showed that gefitinib
competitively inhibited the autophosphorylation of deletion
mutant EGFR as well as that of wild-type EGFR. The data were
transformed into an Eadie-Jofstee plot for determination of kin-
etic parameters (Figure 5). Eadie-Hofstee plot analysis revealed
the apparent K, and V., values for ATP in the presence of various
gefitinib concentrations, and the kinetic parameters are summar-
ized in Table 1. The X, for deletion mutant EGFR and wild-type
EGFR was calculated using eqn 1 (see the Materials and methods
section). The K value of gefitinib for deletion mutant EGFR (K,
for gefitinib = 0.5 £ 0.1 nM) was 26-fold lower than that for wild-

type EGFR (X, for gefitinib = 13.3 4+ 5.1 nM) under unstimulated
conditions (Figure 5). Under EGF-stimulated conditions, the K;
value of gefitinib for deletion mutant EGFR (0.3 0.1 nM) was
i0-fold lower than that for wild-type EGFR (3.0+ 0.6nM)
(Figure 5). Based on these comparative studies, we concluded
that gefitinib binds deletion mutant EGFR more strongly than
wild-type EGFR. In addition, we calculated the inhibitory effect
of gefitinib for both types of EGFR in the presence of 2 uM ATP
(Figure 6). Relatively strong inhibitory activity was detected for
deletion mutant EGFR as compared with wild-type EGFR. These
results suggest that gefitinib had a high affinity (low X value) for
deletion mutant EGFR compared with wild-type EGFR.

DISCUSSION

Wild-type EGFR is unphosphorylated, being in an inactive form,
under unstimulated conditions. The binding of ligands to the extra-
cellular domain of EGFR induces dimerization and phosphoryl-
ation of the receptor into the active form [13]. The kinetic para-
meters of wild-type EGFR in our autophosphorylation assay
are consistent with those of previous reports {14,15]. Crystalio-
graphic analysis has shown that the structure of the EGFR
kinase domain after forming a complex with erlotinib exhibits
a conformation consistent with the active form of protein kinases
[16,17]. Previously, we reported that the deletion mutant EGFR
was dimerized and phosphorylated constitutively without ligand
stimulation, suggesting an active conformation [9]. We analysed
the enzymatic properties of the deletion mutant EGFR, and

®© 2006 Biochernical Society
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Figure 6 Effects of pefilinib on aviophospharylation of deletion muiant
EGFR

The percentage of absorbance compared wilh the control under conditions of 2 ..M ATP was
calculated using the same datasel as shown in Figure 4 al a concentration of 2 pivt ATP. The
resulls shown are for unstimulated {A) and EGF-stimulated (€) deletion mutant EGFR and
unstimulated (B) and EGF-stimulaled (D) wild-iype EGFR in response to ATP with or without
gefitinib. Resuils are representalive of al least three independent experimenls.

determined the K; value of gefitinib for deletion mutant EGFR.
The inhibition constant of gefitinib for wild-type EGFR was
similar 1o the value reported by Wakeling et al. [18]. We showed
that the X; value of gefitinib for deletion mutant EGFR was much
lower than that for wild-type EGFR. The evidence of the decreased
K value of gefitinib for deletion mutant EGFR means that gefitinib
binds deletion mutant EGFR more strongly than wild-type EGFR.
The high-affinity interaction between deletion mutant EGFR and
gefitinib may be attributable to structural differences between
deletion mutant EGFR and wild-type EGFR.

Our conclusion does not contradict the previous report by
Stamos et al. [16] on a similar EGFR-targeted tyrosine kinase
inhibitor, erlotinib, which binds to the active form of EGFR [14].
This result differs from that reported elsewhere: Fabian et al. [19]
reported that there were no differences in the binding affinity
of EGFR-targeted tyrosine kinase inhibitors between wild-type
EGFR and mutant EGFR, including the deletion mutation. They
constructed and expressed the kinase domain of EGFR on a
bacteriophage surface, followed by interaction with immobilized
inhibitors using biotin—avidin systems. Conversely, in our experi-
ments, we performed autophosphorylation assays with EGFR ex-
tracted from 293-pA15 and the 293-pEGFR cells overexpressing
deletion mutant and wild-type EGER respectively. We consider
our cell-based autophosphorylation assay results to refiect the
native state of deletion mutant EGFR and to possibly explain
the hypersensitivity of mutant-expressing cells to gefitinib.

We demonstrated that the deletion mautant actually binds
gefitinib more strongly than wild-type EGFR. This is likely to be
the mechanism of action of other tyrosine kinase inhibitors such as

© 2006 Biochemicai Society

erlotinib, ZD6474 [dual inhibitor targeted to VEGFR2 (vascular
endothelial growth factor recepior 2)/KDR (kinase insert domain-
containing receptor) and EGFR] and other possible multi-targeted
tyrosine kinase inhibitors. Indeed, EGFR-specific tyrosine kinase
inhibitors AG1478 and erlotinib, as well as ZD6474, as described
in our previous report [7] showed different growth-inhibitory
activities against HEK-293 transfected with deletion mutant
EGFR (resulis not shown). Thus it is likely that these (ATP
competitive) tyrosine kinase inhibitors have different binding
property effects on wild-type and deletion mutant EGFR to those
of gefitinib.

In the present study, we focused on the enzymatic properties of
in-frame deletion mutant EGFR (delE746-A750). The inhibition
of receptor autophosphorylation in deletion mutant EGFR by
gefitinib was much greater than that in wild-type EGFR. Next,
it is necessary to examine the kinetic properties of other types of
EGFR mutants, especially L858R, and these findings may pave the
way for the discovery of different kinase inhibitors with different
inhibition profiles for EGFR.

This work was supported by funds for the Third Term Comprehensive 10-Year Stalegy for
Cancer Conlrol.
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SPECIFIC AIM

A short, in-frame deletional mutant {(E746-A750del) a
major mutant form of EGFR in non-small cell lung
cancer, and has been reported to be a major determi-
nant of response to EGFR tyrosine kinase inhibitors
such as gefitinib and erlotinib. However, the biological
and pharmacological functions of mutational EGFR
remain unclear. The aim of this study is to clarify
whether it is constitutively active or not and whether
alteration occurs downstream of the intracellular sig-
naling.

PRINCIPAL FINDINGS

1. A short, in-frame deletional mutant (E746-A750del)
induced dimerization and phosphorylation of EGFR
without any ligand stimulation

To determine the biological functions of deletion mu-
tant (E746-A750del) EGFR, we used the stable trans-
fected cells of wild-type and deletion mutant of EGFR.
Previously, we demonstrated that the 293(D) cells trans-
fected with the deletional EGFR were hypersensitive to
EGFR-targeted tyrosine kinase inhibitors such as ge-
fitinib and ZD6474 as compared with the 293(W) cells
transfected with wild-type EGFR. Dimerization and
phosphorylation of EGFR in these cells were deter-
mined by using chemical cross-linker and by immuno-
blot analysis (Fig. 1). No expression of EGFR dimer or
monomer was detected in the 203(M) cells, Increased
dimerization and phosphorylation of the deletional
EGFR with a molecular weight of ~400 kDa were
detected without EGF stimulation in the 293(D} cells.
When stimulated with the EGF, increased dimerized
and phosphorylated EGFR were observed in the
203(W) cells, whereas no response of EGFR to EGF was

0892.6638/06/0020-0311 © FASEB

observed in the 203(D) cells, The ratio of dimerized to
monomeric EGFR in 293(W) and 293(D) cells was
analyzed densitometrically (Fig. 1, right). The dimer/
monomer ratio in the 293(W) cells was markedly
increased (~3fold) by addition of EGF. Under un-
stimulated conditions, the dimer/monomer ratio of
the 293(D) cells was higher than that of the 293 (W)
cells and the ratio was unchanged by addition of EGF.
These results suggest that the cells expressing the
wild-type of EGFR responded to EGF for their dimer-
ization and phosphorylation and that the deletional
mutant of EGFR was dimerized and phosphorylated
constitutively without any ligand stimulation.

2. p44/42 MAPK and AKT pathways are activated
in the cells expressing deletional EGFR
without ligand stimulation

We examined the phosphorylation status of p44/42
MAPK and AKT that are major downstream targets of
EGFR in the transfectants. Even under unstimulated
conditions, increased phosphorylation of p44/42
MAPK and AKT was observed in the 293(D) cells. In the
293(W) cells, increased phosphorylation of p44/42
MAPK and AKT was observed with the additon of EGF
but p44 /42 MAPK was remarkably phosphorylated. On
the other hand, no increased phosphorylation of
p44/42 MAPK and AKT was observed with the addition
of EGF in the 293(D) cells. This result suggests that the
p44/42 MAPK and AKT pathways are activated in cells
expressing the deletional EGFR without ligand simu-
lation.

! Correspondence: Shien-Lab, Medical Oncology, National
Cancer Center Hospital, Tsukiji 5-1-1, Chuo-ku, Tokye 104-
0045, Japan. E-mail: knishio@gan2.res.ncc.go,jp
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re 1. Dimerization and phosphorylation of wild-type EGFR and deletional EGFR A. The 293 cells transfected with the empty

vector (293(M)), wild-type EGFR (238(W)), and deletional EGFR (293(D)) were treated with or without EGF (10 ng/mL} for
10 min after serum starvation. After two washes with ice-cold PBS{+), monolayer cells were incubated with the chemical
cross-linking reagent BS® (1.5 mM) in PBS(+). Glycine (20 mM} was added for an additional 5 min to terminate the reaction.
The lysates (twenty pg protein) were subjected to 2-15% SDS-PAGE followed by immunoblot analysis using anti-EGFR and
anti-phospho-EGFR. Right panel: ratio of dimerized to monomeric EGFR.

3. Gefitinib inhibited the AKT signaling pathway more
strongly than the p44/42 MAPK signaling pathway

We next determined the action of EGFR-targeted ty-
rosine kinase inhibitor gefitinib on downstream of
deletional EGFR (Fig. 24}. In the 293(W) cells, phos-
phorylation of p44/42 MAPK was not inhibited by
exposure to a low dose of gefitinib (0.01 pM) but
phosphorylation of AKT was inhibited by exposure to
gefitinib (~70%, Fig. 2C). In contrast, exposure to
gefitinib decreased phospho-EGFR in the 293(D) cells.
Phosphorylation of AKT was completely inhibited by
0.01 pM gefitinib exposure (~99%, Fig. 2C), whereas
inhibidon of p44/42 MAPK phosphorylation was not
remarkable in the 293(D) cells (~20%, Fig. 2B). These
data suggest that gefitinib inhibited the AKT signaling
pathway more strongly than the p44/42 MAPK signal-
ing pathway in the cells expressing the deletion mutant
EGFR.

Figure 2. Effect of gefitinib on phosphorylation
of EGFR, p44/42 MAPK, and AKT in the EGFR
transfected 293 cells. A) The 203(M), 293(W),
and 293(D) cells were incubated with gefitinib
(0.01 uM) for 3 h or 12 h under nonstarved
conditions. After two washes with ice<cold
PBS(+), monolayer cells were lysed. Equivalent
amounts of protein were separated by 2-15%
gradient SDS-PAGE for EGFR or 10-20% for
p44/42 MAPK, phospho-p44/42 MAPK, AKT,
and phospho-AKT, then subjected to immuno-
blot analysis. B) Histogram of the degree of
p44/42 MAPK activation expressed as phospho-
p44/42 MAPK per total p44/42 MAPK ()
Histogram of the degree of AKT activation
expressed as phospho-AKT per total AKT.
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4. AKT pathway was activated in the PC-9 cells
expressing deletional EGFR intrinsically

To examine whether increased phosphorylation is also
observed in the lung cancer cells intrinsically express-
ing deletional EGFR, we monitored the phosphoryla-
tion of EGFR and its related molecules in the PG cells
expressing deletional EGFR by using a beads-based
mulitiplex assay. We found increased phosphorylation of
EGFR and downstream molecules of AKT pathway includ-
ing IxBw in PCH cells. This finding is consistent with the
result of the previous experiments with the 293(D) cells. It
is suggested that AKT pathway is acdvated in the cells
expressing deletional EGFR intrinsically.

CONCLUSIONS AND SIGNIFICANCE

To clarify the function of deletional EGFR, we used the
cell transfectants with deletional EGFR [293(D)] that is
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hypersensitive to tyrosine kinase inhibitors (e.g.,
gefitinib). We detected significantly higher levels of
dimerization and phosphorylation of deletional
EGFR without any ligand stimulation in the cells
deletional EGFR. Increased phosphorylation of
p44/42 MAPK and AKT was observed in the 293(D)
cells. These results suggest that deletional EGFR is
constitutively active. When the 293(D) cells were
exposed to gefitinib (0.01 pM), AKT phosphoryla-
tion was completely suppressed, suggesting that de-
letional EGFR signaling inclines toward the AKT
pathways. A summary of characteristics of deletional
EGFR is shown in Fig. 3.

FUNCTION OF AN ECFR IN-FRAME DELETION

Deletion-mutant EGFR

Figure 3. Function of deletional EGFR. Wild-
type EGFR is dimerized and phosphorylated by
EGF the wildtype EGFR and MAPK and AKT
pathways are activated. The deletion mutant
EGFR is dimerized and phosphorylated without
EGF. Both MAPK and AKT pathways are acti-
vated; but phospho-AKT was inhibited by TEI
predominantly in the cells expressing dele-
tional EGFR., MEK, MAP kinase/extracellular
regulated kinases; PISK, phosphoinositide-3-ki-
nase; TKI, tyrosine kinase inhibitors.

An additional experiment using a PC9 lung cancer
cell line intrinsically expressing deletional EGFR con-
firmed the gain of functicn of deletional EGFR and
activated AKT signaling pathway.

Results from this study have provided the under-
standing for biological functions of deletional EGFR
and cellular hypersensitivity to the EGFR-targeted ty-
rosine kinase inhibitor.

Now over 30 types of mutation have been reported in
clinical lung cancer specimens, We will examine the
biological function of other types of EGFR mutants
differendally, with the aim of selecting clinically mean-
ingful mutations.
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EGFR Mutation of Tumor and Serum in Gefitinib-Treated
Patients with Chemotherapy-Naive Non-small Cell
Lung Cancer

Hidehary Kimura, MD, Kazuo Kasahara, MD, Kazithiko Shibata, MD, Takashi Sone, MD,
Akihiro Yoshimoto, MD, Toshivuki Kita, MD, Yukari Ichikawa, MD, Yuko Waseda, MD,
Kazuvoshi Watanabe, MD, Hiroki Shiarasaki, MD, Yoshihisa Ishivra, MD, Masavuki Mizuguchi, MD,
Yasuto Nakatsumi, MD, Taisuhiko Kashii, MD, Masashi Kobavashi, MD, Hideo Kunitoh, MD,
Tomohide Tamura, MD, Kazuto Nishio, MD, Masaki Fujimura, MD, and Shinji Nakao, MD

Background: The authors evaluate (he efficacy and safety of ge-
fitinib monotberapy in chemotherapy-naive patients with advanced
non--smah-cell lung cancer (NSCLC). A secondary endpoint is to
evaluale the relationship belween clinical manifestations and epi-
dennal growth factor receptor (FGFR) mutation staws.

Methods: Japanese chemotherapy-naive NSCLC patients were en-
volled. They had measurable lesions, Eastern Cooperative Oncology
Group performance status of 0 to 2, and adequate organ and bone
marrow function. Patients received 230 mg of oral gefitinib daily.
EGFR nntations in exon 18, 19, and 21 of [INA extracted [rom
tumor and serum were analyzed by genomic polymerase chain
reaclion and direct sequence.

Resnlts: All 30 patients were eligible for the assessmenl of elfivacy
and salety. An oljective response und slable disease were observed
in 10 patients (33.3%) and nine patients (30.0%), respectively. The
mediam time 1o progression was 3.3 months and the median overall
survival was 10.6 months. The 1-year survival rate was 43.3%.,
Grade 3 toxicities were observed i seven patients. £GFR mutation
was observed in four of 13 (30.8%) tmors, and two of them
achieved partial response. In serum samples, (hree of 10 patients
with £GFR mulations in the serum before treatment had a response
to gefilinib, EGFR mulation was observed in 10 of 27 and signifi-
cantly mure frequently observed in the positreatment samples {rom
patients with a partiz] response or stable disease than in those from
patients with progressive disease (p = 0.006).
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Conclusions:  Gefitinit  monotherapy  in chemoetherapy-naive
NSCLC patients was active, with acceplable wxicities. These results
warrant further evaluation of gefitinilb monotherapy as a first-line
therapy. The £GFR mutation in serum DNA may be a biomarker for
monitoring the response o pefitinib during trealment.

Key Wards: Non-small-cell lung cancer, Gefitinib, Epidermal
growlh factor receptor. Mutation, Serum DNA.
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N on-small-cell lung cancer (NSCLC) is the leading cause
of cancer death in Japan and throughout the world.!
Unflortunately, the majority of patients with NSCLC present
with locally advanced or metaslatic disease at the time of
diagnosis. Although chemotherapy has produced modest sur-
vival benefits in advanced NSCLC patients, the owicome of
chemotherapy for NSCLC remains unsalisfactory.

Protein tyrosine kinases play important roles in the
pathogenesis of malignant tumors.2 Among them, epidermal
growth [actor receptor (BEGER) {yrosine kinase has been
implicated in the initiation and progression of NSCLC.>5
The overexpression of EGFR is frequent in NSCLC.¢ Mono-
clonal antibodies and low-molecular-weight compounds that
inhibit the EGFR signaling pathway have been developed and
shown to have antitumor effects. Gefitinib (lressa, Astra-
Zenca, London, England) is an orally active EGFR type
tyrosineg kinase mhibitor. In four phase I studies, tumor
shrinkage or stabilization afier gefitinib monotherapy was
observed in some patients with NSCLC. In two phase IT trials,
Iressa Dose Evaluation in Advanced Lung cancer (IDEAL) |
and 2, gefitinib monotherapy was shown to have a substaniial
effect in NSCLC patients treated previously with chemaother-
apy.™* In these (rials, patients of Asian origin and who had
never been smokers had a statistically significant improve-
ment in overall survival. In spite of encouraging results in the
DAL wials, two large-seale, phase . randomized rials,
fressa NSCLOC Trial Assessing Combination  Treatment,
fiiled to show any survival benelit for the use of gefitinib.?1"
Patignts in a large-scale phase IH irial comparing gelitinib
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and placebo in advanced NSCLC with prior chemotherapy
demonstrated in preliminary analysis a tendency to have
improvement in overall survival but did not have a statisti-
cally signilicant improvement in overall survival.!' There are
many issues that need to be addressed with regard to the
clinical application of gefitinib: one of the most important
issues is (he eflicacy of gefitinib monotherapy in patients with
chemotherapy-naive NSCLC,'? and another is to establish a
way (o predict response to gefitinib.

Recently, it has been suggested that matations in the
FEGER tyrosine kinase domain play a critical role in deter-
mining tumor responge to gefitinib in NSCLC patients.'3.14
The mutations consisted of small, in-frame deletions or sub-
stitutions clustered around the adenosine triphosphate - bind-
ing sMe in exons 18, 19, and 21 of the EGFR. ARer these
reports, some investigators supported the belief that EGFR
mualion is one of the strong determinants of tumor response
to gefttinib.'517 Tumors with FGFR mutations end to be
more connon in adenocarcinomas, female patients, non-
sinokers, and those of Asian origin. In most of those studies,
tumor samples that were resected by operations were used.
Because it is often difficult to obtain a tumor sample {rom an
inoperable NSCLC patient, it is npecessary to esiablish a
method for detecting mutant EGFR from a patiemt sample
other than from twmor specimens.

Polymerase chain reaction (PCR} {eclmology for the
amplification of small amounts of DNA has made it possible
lo identify the same alterations typically observed in DNA
from serum samples from NSCLC patients.'s'? Serum DNA
may provide a noninvasive and repeatable source of geno-
typic mformation that could influence treatment and progno-
sis, especially in advanced NSCLC patients who have re-
ceived gefitinib therapy. We essentially consider that il is
possible to detect the EGFR mutation in serum DNA, We
hypothesized that serum DNA may provide useful informa-
tion on EGFR mulations in lung cancer patients.

As described above, the usefulness of gefitinib mono-
therapy is controversial and that in patients withoul pretreat-
ment is unclear. Because FGFR mutations have been shown
10 be strongly associated with the response of NSCLC pa-
tients o gefitinib treatmenyt, the analysis of EGFR mutations
is necessary to evaluate the clinical benefit of gefitinih. We
therefore conducted a multicenter phase IT trial for these
patients. The primary objective was 1o evaluate the objective
response rate, and secondary objectives were o estimale the
disease control rate, disease-related symptam improvement
rale, safety, time to progression (T'TP). and overall survival
(O8). In addition, as a correlative study, we planned o detect
EGFR mutations in serum samples from NSCLC patients and
evaluate the relationship between the EGFR mutation and
clinical manifestations in NSCL.C patients receiving gefitinib
treatment.

PATIENTS AND METHODS
Patient Eligibility

Patients who had histologically or cytologically proven
stage HIb or IV NSCLC and no previous chemotherapy were
enrolled o this trial. Radiotherapy [or metastatic lesions

undil 3 wecks belore entry was allowed on condition that
these lesions were not assessed for fumor responge. Patients
in whom recurrence occurred afler surgery were also eligible.
Patient eligibility criteria included at least one measurable
lesion, age of 20 years or older, Fastern Cooperative Oneol-
ogy Group performance stats (PS) of 0 to 2. and life
expectancy of greater than or equal (012 weeks. Adequate
organ and bone marrow finction was necessary, defined as
leukocyte counts greater than or equal to 3.0 X 10%liter,
neutrophil counts greater an or equal to 1.5 X 0%
liter, platelet counts greater than or equal 1o 100 X 10%liter,
hemoglobin levels greater than or equal to 8.5 p/dl, alanine
aminotrans{erase or aspartate aminotransferase levels Jess
than or equal 1o two times the upper limit of the reference
range (<100 IUAiter in (he presence of liver melastases),
serum bilirubin levels less than or equal to 1.5 mg/dl, serum
creatinine Jevels less than or equal t01.5 mg/dl, and PaQ) ,
levels greater than or equal to 65 mmHg. Patients with any of
the following were excluded: active double cancer; severe
complications such as myocardial infarction within 3 months
before entry or uncontrolled diabetes; symplomatic hrain or
bone metastasis; diamthea more severe than grade 2 according
(o National Cancer Institute Commeon Foxicity Criteria ver-
slon 2; systemic administration of steroids 1o treat skin
diseases; pleural, pericardial, or peritoneal effusion requiring
treatment; and pregnancy or Jaclation. All patients were
requited to give informed consent.

Treatment

Patients were treated with gefitinib 250 mg orally once
per day. Treatmeni was discontinued when the disease pro-
gressed, intolerable loxicities appeared. the patients requested
withdrawal, or disease-related symptoms worsened without
tumor response afier § weeks of gefitinib monotherapy, These
patients received chemotherapeutic treatment afier gefitinib
therapy. The chemotherapy regimen consisted of platinum
(cisplatin or carboplatin) plus new agents (paclitaxel, do-
cetaxel, gemeitabine, vinorelbine, or irinctecan) in patients
aged 74 years or younger and vinorelbine monotherapy in
patients aged 75 years or older. I symptomatic bone or brain
melastasis occurred during gefitinib monotherapy, patienis
received radiotherapy afler gelitinih treatmem.

Efficacy and Drug-Related Adverse Events

Tumor size was assessed with computed tomography or
magnelic resonance imaging scans every 4 weeks from the
start to cessation of protocol treatment, using Response Gval-
uation Crileria in Solid Tumors guidelines.? Disease control
was judged when patients achieved the best response of
complete response, partial response (PR), or stable disease
(S}, which was confirmed and sustained for 4 weeks, TTP
was measured as the period from the start of the weatment o
an identifiable time of disease progression. (08 was measured
(rom the start of the treatment until death or the last follow-
up. The Kaplan-Meier method was used to calenlate (hese
MEAsUTES.

Drug adverse events were recorded and graded accord-
ing 1o National Cancer Institute Commuon Toxicity Criteria
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version 2.{1L Changes in physical and laboratory findings were
assessed at least every 2 weeks.

Serum Sample Collection and DNA Extraction

Blood samples from patients were collected before and
14 days afier the initiation of gefitinib administration. Sepa-
rated serum was stocked at - R0°C wntil use. DNA extraction
from the serum samples was performed using a nonorganic
method (Oucor, Gaithersburg, MD). Serum DNA was puri-
fied using Qiamp Blood Kit (Qiagen, Hilden, Germany), with
the Tollowing protocol modifications. One colunm was used
repeatedly until the whole sample had been processed. The
extracted DNA was stocked at -20°C uniil use.

Tissue Sample Collection and DNA Extraction

Tumor specimens were oblained on protocols approved
by the instiutional review board. Twenty paralfin blocks of
tumor malerial, oblained [rom 15 patients for diagnosis be-
{ore treatment, were collected retrospectively. Ileven lumor
samples were collected from primary cancer by means of
transbronchial hing biopsy, one was resected by operation,
and nine were {rom metastatic sites {four from bone, three
from lymph nodes, one from the brain, and one from the
colon). All specimens underwent histologic examination to
confirm the diagnosis of NSCLC. DNA extraction from
tumor samples was perfonned using the TaKaRa DEXPAT
kit {TaKaRa Biomedicals, Shiga, Japan).

PCR Amplification

PCR was performed in 25-p] volumes using 15 pl of
template DNA, (.75 units of Ampli Tag Gold DNA polymer-
ase (Perkin-Elmer, Roche Molecular Systems, Inc., Branch-
burg, NJ), 2.5 gl of PCR bufler, 0.8 mM dNTP, 0.5 M of
each primer, and different concentrations of MgCl,, depend-
ing on the polymorphic marker. A set of designed primers
was used to amplify exon 19 of EGFR (upper primer, 5'-
CAGCCCCCAGCAATATCAGCCTTAGGT-3'; lower
primer, 3'- CACTAGAGCTAGAAAGGGAAAGACATA-
3'). Thirty cycles of amplification were performed using a
thermal cycler (Perkin-Elmer. Foster City, CA) (95°C for 45
seconds, 55.5°C lor 30 seconds, 72°C for 30 seconds. {ol-
Towed by incubation at 72°C for 10 minutes). The bands were
visualized wsing a 2100 bioanalyzer, DNA 500 Labchip kit
{Aglient Technologies, Waldbronn, Germany). 1If no PCR
products were detected by the first PCR. an additional 20
cycles of PCR was carried out and the sample was revisual-
ized. To confirm the deletional mutation in exon 19, and o
detect the mutation in exons 18 and 21 of EGFR, PCR was
performed again using another primer sel as described pre-
viously.'3

Sequencing

Amplification and sequencing were perfornied in du-
plicate for each sample using an ABI prism 310 (Applied
Biosystems). The sequences were compared with the Gen-
Bank-archived human sequence for FGFR (accession no,
AYSRR246).

262

Trial Design and Statistical Methods

The trial was a two-stage multicenter phase 11 study.
The primary endpoini was response vale, and secondary
cadpoints were disease control rate, salety, TTP, and O8. As
a correlative study, EGFR muations in tumor and serum
samples were analyzed. The protocol and consent form were
approved by the institutional review board of each participat-
ing hospital. Indtially, 15 patients were recruited to the study.
1f one of these patients responded (o treatment with gefitinib
monotherapy, an additional 10 patients were recruited. If live
or more of these 23 patients responded to therapy, treatmem
with gefitinib was concluded to be effective. According to
Simon’s minimax design,?! our study, with a sample size of
25, had an 8&)% power to support the hypothesis that the true
objective response rate was greater than 30% and a 5%
significance 1o deny the hypothesis that the rue objective
response rate was less than 10%. Assuming a nonevaluability
rate of less than 20%, we projected an accrual of 3() patients.
In analysis of EGIFFR mutation in serum samples, the categor-
ical variables were compared using the Fisher’s exact test. A
value of p < .05 was considered significant. The statistical
analyses were perfmmed using the StatView sofiware pack-
age. version 5.0 (SAS Institute, Inc., Cary, NC),

RESULTS

Patients

From Qctober of 2002 10 August of 2003, 30 paticnts
were enrolled into the study. Patient characteristics are sum-
marized in Table 1. The most common histologic subtype
was adenocarcinoma (25 patients [83.3%]). Three patients
had undergone surgery and three had received radiotherapy to
hone or brain metastases. Twently patienis were current or
previous smokers. Twenty-six patients (86.7%) had good PS
(0- 1) and 86.7% of envolled patients had stage 1V disease. A
total of 43 sites of metastatic lesions in 26 patients were
diagnosed. Thirteen of the 26 patients had more than one
melastatic fesion. All four patients with stage 111b disease had
peural effusion and were ineligible for radiotherapy.

Efficacy

All patients were assessable for umor response (Table
2). Complete response was not observed. Ten patients
achicved PR, nine had SD as their best response, and 11
patients had progressive disease (PID). The objective response
rate was 33.3% (95% confidence interval, 16,2 49.8%) and
the disease control rate was 63.3% (95% confidence interval,
46.0 - 80.5%). All responders had adenocarcinoma. OF the
responders, four were male patiemts and six were female
patients. None of the prognostic factors such as gender (male
versus female). PS (0- | versus 2), smoking (never-smoker
versus snioker). histology (adenocarcinoma versus nomade-
nocarcinoma), clinical stage {11Ib versus FV). and prior treat-
ment (yes versus no) was significantly associated with mmor
responses (Table 2). Disease contro] was observed in 19
patients (eight men and 1 women). A significantly higher
disease control rate was observed in emale patients {p =
0.018) and nonsmokers (p = 0.049). The other ictors did not
alfect the disease controf rate {Table 2).
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TABLE 1. Patient Characteristics
Characteristic Value
No. of patients 30
Age {yr)
Median ]
Range 44 K7
Crender
Male 1%
Female 12
Histology
Adenocarcinoma 25
Squamous-cell carcinema 3
Large-eell carcinoma 2
Siage
mB 4
v 26
Metaslatic sites
Pulmuonary 16
Bone 12
Brain 11
Others 4
ECOG performance sialus
4} 2t
| O
2 4
Pric treahment
Yes [
Operation 6
Radialion 1
No 24
Smoking
Yes 20
Pack-years (inean * SD) 81 = 39
No 10

ECOG, Eastern Cooperative Oncology Gronp,

TTP and OS

At a median oHow-up of 12 months, 20 patients had
died and 26 patients were refractory or had become resistant
to gefitinib monotherapy. Median TTP was 3.3 months
(range, (.3-19.6 months} and median O§ was 10 months
(range, 1.7-21.4 months) (Figure 1. Duration of response for
patients with partial response was 5.8 months. OS and TTP
were not allected by ldstologic lype, smoking, PS, stage, or
prior treatment. However, here was a significant dilference
in survival in gender (median survival time, >12 months in
female patients versus 7.7 months in male patients; log-rank
test, p < 0.04; Wilcoxon test, p < (.04),

Tolerability

Table 3 shows drug-related adverse events. Twenty-six
paticnts {(86.7%) experienced drug-related adverse events,
most of which were mild, Frequent adherse events ineluded
dinrvhea. skin vash. and clevated transaminases. Twenly-twao
patients experienced skin toxicitics. such as acne. pruritus,
and rash. Orade 3 skin toxicities were observed i two

TABLE 2. Response to Gefitinib Monaotherapy and
Prognostic Factors*

RR p DBCR p

No. PR 5D PD (%) Value (%) Value
Folal o9 B o333 633
Propnostic Thclors
Gender
Male 18 4 4 10 222 014 444 0018
Fematle 12 6 3 1 50 91.7
Smoking habit
Smoker 208 5 1 25 0231 50 0.049
Nonsatoker 10 5 4 1 50 90
Hislelogic type
Adenocircinoma 25 10 8 7 40 0139 72 0.327
Nonadenocarcinoma S 0 2 20 44
PS
01 26 8 8 10 308 0584 615 0999
2 4 2 1 1 50 75
Clinical stage
Mk 4 2 1 1 50 0584 75 0.999
v 26 8 B 19 3] 62
Prior treafment
Yes 2% 5 10 375 0999 583 0215
No 6 1 4 1 167 83.3

*RR and DCR were compared between prognostic factors using Fisher's exact tesl,
*PR, partial response: ST, stuble disease: PD, progressive disense: RR, response sate;
DCR, disease control e,

patients, but these resolved spoitancously during treatment,
Dimrthea was observed in 12 patients (40.0%) and was con-
trolled with antidiartheal agenis such as loperamide. One
patient developed grade 3 diarrhea, which required temporal
interruption of therapy. Two patients developed drug-related
prermonitis; both were treated with steroid therapy, antibi-
olics, and oxygen inhalation and recovered within a few
weeks, These patients were ymokers and had not received
thoracic radiotherapy. No patients experienced hematologic
toxicities,

Postgefitinib Treatment

Twenty-five patients became resistant or were refiac-
lory to gefitinib monotherapy. Eight of these patients received
neither chemotherapy nor radiotherapy because of deteriora-
tion of PS in four patients and withdrawal of informed
congent 1o chemotherapy in three patients. One patient un-
derwent palliative surgery and {wo received radiotherapy for
symplomatic brain metastases. Fifteen patients received che-
motherapy as postgefitinib treatment (platinum-based chemo-
therapy in 14 patients and vinwrelbine monotherapy in one
patient). Five patients achieved PR and four showed SD by
the second-line chemotherapy,

EGFR Mutations in Tumor Samples

Twenty tumaor samples were oblained [rom 15 patients
retrospectively. Sequencing ol exons 18, 19, and 21 in EGFR
was performed in 12 of 20 samples under the same PCR
conditions, FGFR matations were detected in four tumor
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FIGURE 1. Kaplan-Meier curve showing (A) overall survival

and (B) time to progression in all patients,

samples (33.3%). Three of them had a 15- base pair deletion
(E746__A750del) in exon 19. Another of them had LS8R in
exon 21, The histologic types in patients with EGFR muta-
tions were adenocarcinoma in {hree and large-cell carcinoma
in one. All patients with E746,_A750del in tumor samples had
adenocarcinuma. The responses fo gefitinib in these fowr
patients were PR in two, SD in one, and PD in one. There
were no responders among nine patients without an EGFR
gene mutation.

EGFR Mutations in Serum Samples

The serum DNA in serum samples from 27 NSCLC
patients was examined. Serum DNA was detected in all 54
samples at concentrations of up to 1720 ng/mi.

Fxon 19 of EGFR in pretreatment scrom samples ob-
tained from 21 of 27 patients (77%) wax detected (Figure 2
A). The lower band was also detected in 10 of 27 (37%)
pretreatment serum samples. Sequencing of the PCR products
confirmed that the apper and lower bands corresponded to
wild-type and 13746 A750del. respectively (Iigare 2 5} No

TABLE 3. Drug-Retated Adverse Events

NCI-CTC Grade No. of Pativnts %
Diarhea [ ] 26.7
2 3 .0
ki | 33
Nause: 1 8 26.7
2 2 6.7
3 0 0.0
Vaniling 1 2 6.7
2 0 0.4
2 {} (.0
Skin loxicity 1 15 50.0
2 16.7
3 2 6.7
Elevalion of Irasaminases 1 4 13.3
2 i 13
3 2 6.7
Paeumonilis 1 ¢ 00
2 4} (.0
3 2 6.7

NCI-CTC, National Cancer Wistitute Comman Toxicity Criteria.

point mutation in exon 18, 19, or 21 was detected in the PCR
products from serum samples. Wild-type EGFR was detected
in all 10 of the deletion-positive cases. The pattern of bands
way reproducible when using another primer set.’?

When compared according (0 histologic  type,
746 A750de! was detected in eight of 25 (32%) cases of
adenocarcinoma, in zero of three cases of sguamous carci-
nama, and in two of two cases ol large-cell carcinoma (Table
4), In contrast, the serum EGIR status was not correlated
stadistically with either the clinical response, the gender, or
the recorded adverse effects (Table 5).

In serum samples obtained after the initiation of ge-
fitinib freatment, 19 of 27 (70%) cases were wild-type-
positive and 14 of 27 (52%) cases were deletion-positive
(Figure 2 ). In the postieatment serum  samples,
1746 ATA0el was more lrequently observed. Furthermore.
the deletional mutant of ZGFR was significantly more [re-
guently abserved in samples from patients who showed a PR
or SD {12 of 16 cases |75%)) than in samples from patients
with PR (1wo of 1] cases | 18%]) (p = 0.0063, Fisher’s exacl
test) (Tabie 6). The deletional mutant FGFR was muore
frequently detected in female patients {six of nine cases
[67%]) than in male patients {eight of 18 cases [44%]), but
thiy dilference was not significant {Table 0). No correlations
were seen statistically between {he presence of mutation and
the adverse effects.
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TABLE 4. Frequency of Serum £GFR in Lung Cancer
Patients According to Histofogy and Response to Gefitinib*

Pre TPast
Wild Deletion Wild Deletion
Adenocarcinoma 1822 ®/23 1522 13/22
Squamous-¢ell careinoma 172 a2 313 3
Large-ceil earcinoma 2R 22 12 172

*A tolal of 27 samples were obtained Irom 28 paticisis bolh belore and afier
treniment. A pretreatinerst sumple of patient 2 and a posttreatnxrenl smnple of patiem 17
were Jacking.

TABLE 5. Frequency of Serum EGFR in Lung Cancer
Patients According Response to Gefitinib and Gender:
Detection of Deletion-Type Mutation on Day 0*

+ . 2 Yahe
Response
PRSI 8
i3] 2 b (L2305
Ciender
Muale ) 12
Female 5 04153

*A tolal of 27 samples were oblained from 28 patients both before azd afier
weatment, A pretreatmient sianple of patient 2 and a prstiveatment sample of patient 17
were lacking. SD. siable disease:r P progressive disease: PR partiad response; 1,
deletion-positive; -, wild-type,

Comparison of EGFR Mutation Status between
Tumor Samples and Serum Samples

Pairs ol umor samples and serum samples were ob-
tained from 12 patients retrospectively (Table 7). The EGRR

TABLE 6. Frequency of Serum EGFR in Lung Cancer
Patients According to Response to Gefitinib and Gender:
Detection of Deletion-Type Mutation on Day 14*

4 - # Value
Response
PR/SD 2 4
PD 2 9 (163
Gender
Male 8 10
Female 6 3 14197

*A lofal of 27 sampies were obiained from 28 patients both before and afier
lreainient, A pretreatment sample of patieat 2 and a postireatment sample of patient 17
were Jacking. 8D, siable disease: PD, progressive disease; PR, parial response: +,
deletion-positive; -, wild-ype,

muation status b the fumors was consistent with those in
serum of seven of 12 of the paired samples. Among the other
five patients, EGFR mutation was negative in the tumor and
positive in the serum in four patients, and in the other patient
it was positive in the tumor and negative in the serum, from
whose tumor sample LB5ER was detected.

DISCUSSION

The overall response of 33.3% in this phase 1 study
was comparable not only {o that achieved in Japanese popu-
tation enrolled in the IDEAL-1 (rial (27.5%) but also to a
retrospective analysis conducted of patients in Japan.2? Ge-
fitinib monotherapy appeared to be equally eflective in pa-
tients with chemotherapy-naive NSCLC and in patients with
pretreated NSCLO.

Drug-related adverse events were generally mild com-
pared with cytotoxic chemotherapy. Grade 3 pulmonary tox-
cities were observed intwo patients. In- this sody. the

Copyrialt 2006 Wy the Iternarional Association for the Siedv of Lang Caneer 265



H. Kimmura ef al.

Journal of Thoracic Oncology + Volume 1, Number 3, March 2006

TABLE 7. EGFR Mutation Status in Tumor Samples and Serum Samples*
EGFR Mutation Status
Serom Somples
Pre Past

Na. Gender Histelugy Response Tumor Sample Wild Mutation Wild Mutalion
43 M Large sD Wild ¥ ' t
45 M sCC o Wild ND NI t .
52 F 50CC PD Wild + + -
33 M Adeno rD Wild - - 1
55 M Adeno PR LRSER 1 3 - .
57 3 Adene 8D Wild 1 i
61 M Large PD E746-AT750 del I E 4 -
64 M Adeno PD Wild - 1 -
70 M Adeno PD Wild 1 + 4 .
72 M Adeno 5B E746-A750 del + - - H
75 F Adeno PR E746-A750 del + 3 + H
77 M Adeno PD Wild + - + +

*Pairs of both tumor smnples and serm somples were obtained Trom 12 patients, M, male; F, female; S0, stable disease; PD, progressive diseases PR, partial response; SCC,
synamous-cell carcinoms; Adeno, adenvearcinoma; Large, largs-cel] carcinama; ND, not detennined.

incidence of drug-related pneumonitis was 6.7% and was
comparable to results of other studies2* Therefore, ge-
fitinib monotherapy as a first-line treatment appears fo be
equally tolerable as a second-line treatment.

Thirteen of 22 patients who became resistani or were
refractory to gefitinib monotherapy received salvage chenio-
therapy. The objective response rate was 30.8%, comparable
to that of first-line chemotherapy. These results suggest thai
cancer cell populations that are sensitive to gefitinib might
not be identical 1o those sensitive 1o chemotherapeutic drugs
such as platinum agents or axanes.

Somatic mutations in the tyrosine kinase domain of the
EGFR gene were reporled, and these mutations induced
increased activity of EGIR and sensifivity to gefitinib in vitro
and the predictive factor of response to gefitinib.'34 We
evaluated FGFR gene status in 13 tumor samples and de-
tecled KGFR gene mutation in Tour tumors. Objective re-
sponses were achieved in two patients, but one patient
showed PD whose tumor had a 15 base pair deletion muta-
tion in exon 19, This suggested that response to gefitinib may
not be determined by EGFR mutation in exon 19 or 21. and
other mechanisms may relate (o pefitinil resistance.

The detection of EGFR mutation from serum samples
was carvied out as a correlative study. These results provided
us two wajor findings: (1) E746 _A750del was duetectable
serum saimple obtained from NSCLC patients; and (2)
1746 AT50del was frequently observed in postreatment se-
rum samples obtained from the PR and SD patients,

Tt may be explained that DNA derived from destroctive
tumor ¢ells that have responded 1o gefitinib may be more
frequently uhserved in the circulating blood. Previous reports
regarding detection of muotations in seram did not elucidate
the changes in mutation status during treatment. We wounld
like o do this v the next experiments (o conlirm our specu-

lation. Our hypothesis is that serum detection of EGFR
mutation will be a convenient means of predicting the sensi-
tivity to gefitinib, although we could only demonstrate the
feasibility of the EGFR mutation in serum in this report. We
need to develop a highly sensitive methodology to improve
the prediciability of this assay.

In comparison of the mutation status of EGFR in actual
turmors with serum DNA obtained from the same patients
before freatment, 7 of patients who had sequence data
obtained from both serum and tumor samples were confonn-
ing. Bsteller et al. reported detection of aberant promoter
hypermethylation of tamor suppressor genes (plda, DA4P,
GSTPI, and MGMT) in serum DNA obtained from NSCLC
patients and demonstrated that 73% of serum samples showed
abnormal methylated DNA in the patients with the methyl-
ated primary tumors.'® Another report investipating a poi
mutation of the p53 gene and hypermethylation of plé in
plasma DNA from breast cancer patients demonstrated that
66% ol the patients with at Jeast one molecular event in tumor
DNA had some alteration in plasma DNA2F We believe that
the sensitivity of our assay is equivalently sensitive to those
of these previous reports.

CONCLUSION

In conclusion. 250 mg of oral gefitinib monotherapy as
a first-line treatment produces obvious antitumor activity,
with acceptable toxicities. Oral gefitinib monotherapy as a
Arst-line treatment merits investigation in further clinical
frials. Using serum samydes from NSCLC patients, the EGEFR
mutation was detected. The detection ol E746 A750del i the
serum of antreated paticnts was not a predictor ol gefifinib
response in this stady. However, farther prospective studies
nsing serim sanples may be necessary o confirm this con-

266 Copryrigly o 2006 v the hiernational Assocrasion for the Sty of Luag Caneer



Journal of Thoracic Oncology + Volume 1, Numnber 3, March 2006

Gefitinib in chemo!lherapy-naive NSCLC patients

clugion. ‘The presence of KGR matation in serum may be a
useful biomarker for monitoring gefitinih response.
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INTRODUCTION

A number of artificial aminoacyl adenylate derivatives having an
N-acylsulfamate linkage have been synthesized and their biological proper-
ties have been studied.!!~*! Alanyl., arginyl-, prolyl-, and asparaginyl adeny-
late analogs were synthesized. The chemical stability of the N-acylsulfamate
linkage of aminoacyl adenylate derivatives is higher than that of the
corresponding N-acylphosphoramidate linkage under physiological con-
ditions. Therefore, a series of aminoacyl adenylate analogs containing
N-acylsulfamate linkages have been used as aminoacyltRNA synthetase
inhibitors.l'~*) Nucleocidin, which has an N-acylsulfamate linkage lacking
the aminoacyl residue, is known to be highly toxic and to act as a highly
potent inhibitor of protein synthesis.[*5] Ascamycin, which was isolated
from Xanthomonas spp. in 1984,!% is a nucleoside derivative possessing an N-
acylsulfamate linkage and a 2-chloroadenine residue as the nucleobase. Isono
et al. reported the biological properties of ascamycin and its analogs sub-
stituted with other amino acids, showing that these compounds have highly
potentantibacterial activities.[”! They also reported thata dealanylascamycin
called AT-256, which was produced by Xc-aminopeptidase-promoted hydrol-
ysis of ascamycin,'®] inhibited protein synthesis. Aminoacyl adenylate deriva-
tives having an N-acylphosphoramide linkage have also been studied and
their chemical and biological properties have been clarified. The P~N bond
of the N-acylphosphoramide linkage is more stable than the corresponding
P~O bond of an Oacylphosphoramide linkage and these modified nucle-
osides showed antitumor activities. A naturally occurring antibiotic, phos-
midosine, has proved to possess potent antitumor activities against various
human cancer cells.®~"] McCloskey reported that phosmidosine was decom-
posed by treatment with 0.2 M NaOH to produce a proline moiety-lacking
compound and rearranged compounds.!’?! Recently, we have studied the
synthesis of phosmidosine and its analogs.">'"! In our continuous studies
of the structure-activity relationship of a series of phosmidosine derivatives,
we found that the 8-oxoadenine base and the proline moiety were essential
for inhibition of the cancer cell growth."™) These results prompted us to
synthesize new phosmidosine analogs having an N-acylsulfamate linkage.

RESULTS AND DISCUSSION

A general procedure for construction of N-acylsulfamoyl linkage has
been developed to obtain a series of aminoacyl adenylate derivatives con-
taining an N-acylsulfamoyl linkage.!'~* Therefore, we applied this method
to the synthesis of our new phosmidosine analogs.

Thus, the O-selective reaction of an appropriately protected 8-
oxoadenosine derivative 5 with sulfamoyl chloride,® 18] which was prepared
from chlorosulfonyl isocyanate and formic acid, was studied. As the result,
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FIGURE 1 Structure of several aminoacyl adenylate derivatives.

the desired sulfamoylation proceeded to afford the 5’—Osulfamoyl-8—oxo—
adenosine derivative 6. In this reaction, no reactions occurred on the 7-
position or the 6-amino group of the 8-oxoadenine moiety. In an attempt to
obtain an N-acyl sufamate derivative 9, an 1-proline derivative was activated
by treatment with N, N’-carbonyldiimidazole and the resulting acylimida-
zole derivative 7 was allowed to react with 6. However, no prolylated com-
pounds were obtained. In contrast to this result, when the Osuccsinyl--
proline derivative 812) was used, the reaction gave the desired product 9
in a moderate yield. The yield of 9 was increased to 80% by the choice of
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FIGURE 2 Synthesis of phosmidosine analogs.
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FIGURE 3 Synthesis of ascamycin mimics.

acetonitrile as the solvent. The product was treated with 80% formic acid for
12 h 1o give the product 10 as an amorphous white solid in 59% yield.

In a similar manner, we also synthesized an ascamycin mimic 13, which
was obtained by the reaction of 6 with the ester 11 followed by acidic treat-
ment of the product 12. The compound 14, which does not have the alanyl
residue, was synthesized by treatment of 6 with 80% HCOOH.

The morphological reversion activity of these synthetic compounds in
v-src®NRK cells and their antitumor acttivity in L1210 and KB cells were
studied. These results are shown in Table 1.

TABLE 1 The Biological Properties of Compounds ¢, 10, 13, and 14

Morphological reversion activity (ug/ml)

Aminoacyl nuclesides 100 30 10 3 1 0.3 0.1

Morphological reversion activity of phosmidosine analogs in v-src® NRK cells

L-Pro-Sulfamoyl-8-oxoA : 10 - - - - - - -

H-Sulfamoyl-8-oxoA : 14 +++ Aefede +++ +++ + - -
Phosmidosine-Et: 1C nt nt +++ 44+ 4 nt nt
L1210 KB
M uM

[Cro Values of phosmidosine analogs in L1210 and KB cells

L-Pro-Sulfamoyl-8-oxo04 : 10 218< 218«
L-Ala-Sulfamoyl-8-ox0A : 13 281« 231 <
H-Sulfamoyl-8-oxoa : 14 0.91 4.86
Phosmidosine-Et: 1C 8.62 3.44

++:More than 75% of cancer cells were morphologically reversed.
++:25-75% of cancer cells were morphologically reversecl.

+ica. 25% oc cancer cells were morphologically reversed.

~:mo actlivity; nt not tested.
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As shown in Table I, the phosmidosine ethyl ester 1c was used as a
control sample. In the morphological reversion activity assay, the 1-proline-
substituted phosmidosine analog 16 did not show any morphological re-
version activities. However, compound 14 showed morphological reversion
activity at a low concentration. Even when the concentration was 3 pug/ml,
morphological reversion activity was significantly observed. Next, we studied
the antitumor activity of these compounds against 11210 and KB cells. The
results were similar to those obtained in the case of the morphological re-
version activity assay. Only conipound 14 inhibited the growth of L1210 and
KB cells. The structure of compound 14 is similar to those of nucleocidin 2
and AT-265 4.

In conclusion, we have successfully synthesized a new phosmidosine ana-
log having an N-acylsulfamoyl linkage. An t-alanine-substituted derivative
10 and its derivative 14 were also synthesized in a similar manner. The bio-
logical properties of these new compounds were studied and it was found
that 5'- Osulfamoyl-8-oxo-adenosine 14 showed potent activity against human
cancer cells. Further studies on the mode of action of these compounds are
in progress.

EXPERIMENTAL

'H and 'C NMR spectra were obtained at 270 and 68 MHz, respec-
tively. The chemical shifts were measured from DMSO-d; (2.49 ppm) and
3-(trimethylsilyl) propionic-2,2,3,3-d, acid sodium salt (TSP-dy) (0 ppm) for
"H NMR and from DMSO-ds (39.7 ppm) for '3C NMR. Column chromatogra-
phy was performed with silica gel C-200. Reverse-phase column chromatog-
raphy was performed by use of 37-55 um Cig particle. Mass spectra were
measured by use of an ESI-mass spectrophotometer. [n vitro analysis of the
antitumor activity in cancer cell lines was carried out by the literature method
reported by Carmichael!’! and us.[®! The morphological reversion activity
test was conducted according to the literature method. 1% Compound 5 was
synthesized according to our previous paper.[?9]

2',3'-O-Isopropylidene-5'-O-sulfamoyl-8-oxoadenosine (6 ). Under argon at-
mosphere, compound 5 (1.51 g, 5 mmo}) was coevaporated three times with
dry pyridine and dissolved in dry DME (25 ml). To this DME solution was
added sodium hydrate (60%, 480 mg, 12 mmol), and the mixture was stirred
at 0°C for 30 min. A DME (25 mi) solution of sulfamoyl chloride (1.16 g,
10 mmol) was added to the mixture. After being stirred at room temperature
for 10 h, the mixture was quenched by addition of 20 ml of methanol and
evaporated under reduced pressure. The residue was purified by silica gel
column chromatography (CHCls:methanol = 95:5, v/v) to give compound
6 (1.79 g, 89%): '"H NMR (DMSO-ds) & 1.31 (3H, s), 1.61 (3H, s), 4.05~
4.32 (3H, m), 4.98 (1H, d, Joy =6.3 Hz), 5.39 (1H, d, Joy =03 Hz), 5,93
(1H,s), 7.15 (2H, bs), 7.54 (2H, bs), 8.17 (1H, s), 10.94 (1H, bs); '*C NMR





